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mixture was stirred at room temperature for 4 h. Subsequently, the solution was neutralized to pH ~ 7 with 2M HCl (aq). After evaporation of the solvent, the residue was dissolved in ethyl acetate (200 mL), which was washed successively with water and brine and dried over anhydrous sodium sulfate. After removal of the solvent under reduced pressure, the residue was charged on a SiO 2 column for purification (eluent: 25% ethyl acetate in hexane). Compound 2 was obtained as a viscous liquid. Yield 2.7 mg (55%). Synthesis of compound 3. Compound 2 (2g, 5.7 mmol) was dissolved in DCM (30 mL) and triethylamine (1.2 g, 11.4mmol) was added dropwise into the solution. The solution was chilled to 0 °C with an ice bath. Subsequently, methane sulfonylchloride (1.0 g, 8.6 mmol) was added dropwise under stirring and the temperature was maintained at 0 °C. After addition, the reaction was stirred below 5 °C for another 30 min. Then the reaction mixture was allowed to reach room temperature automatically and the stirring continued for another 5 h. TLC was used to monitor the reaction. After reaction completion, the solution was diluted with DCM (300 mL). The organic layer was washed successively with 5% HCl (×2), saturated aqueous sodium bicarbonate (×1), water (×1), and brine (×1) and dried over anhydrous sodium sulfate. Evaporation of the solvent afforded compound 3 pure enough for the next step of reaction. Yield 2.3 mg (95% Synthesis of compound 4. Sodium hydroxide (0.2 g, 4.6 mmol) was dissolved in 4 mL of water in a round bottom flask. Subsequently, tri (ethylene glycol) (7.04 g, 46 mmol) was added and the resulting mixture was heated to 100 °C under stirring. Then, compound 3 (2.0 g, 4.6 mmol) was added and the reaction mixture was stirred at 100 °C for 24 h. After cooling to room temperature, the solution was extracted with hexane for 5 times. The hexane layers were combined. After evaporation of the solvent under reduced pressure, the residue was charged on a SiO 2 mmol) was added to the reaction mixture. The reaction mixture was allowed to rise automatically to room temperature and stirred for 16 h. Then, the reaction mixture was poured into water (300 mL). The aqueous solution was extracted with ethyl acetate for four times. The organic layers was combined and dried over anhydrous sodium sulfate. After evaporation of the solvent, the residue was charged on a SiO 2 column for purification (eluent: 50% ethyl acetate in hexane).
Compound 5 was obtained as a viscous liquid), yield 0.5 mg (90%). The product formation was quantitative and their structure was confirmed by NMR. Figure S1 . Fluorescence spectra of compound 7a in toluene (λ ex =295).
Scheme S1. Synthesis of Nor and Iso thiol ligands.
General procedure for the synthesis of compounds 10 and 11. Sodium hydroxide (2.64 g, 66 mmol) was dissolved in 4 mL of water in a round bottom flask. Subsequently, tri(ethylene glycol)
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Compound 8 (5.7 mL, 66 mmol) or 9 (6.5 mL, 66 mmol) together with the catalyst KI (2.192 g, 13.2 mmol) was added to the reaction mixture. The reaction mixture was stirred at 70-75 °C for 24 h. After cooling to room temperature, the solution was poured into water (300 mL) and dried over anhydrous sodium sulfate. After evaporation of the solvent, the residue was charged on a SiO 2 column for purification (eluent: ethyl acetate).
Compound 10: Yield = 50%; General procedure for the synthesis of compounds 12 and 13. Compound 10 (3.8 g, 20 mmol) or 11 (4 g, 20 mmol) was dissolved in 20 mL of dry toluene. Then, AIBN was added under an argon atmosphere. The reaction mixture was stirred for 10 min and thioacetic acid (4.32 ml, 60 mmol) was added. The reaction mixture was heated to reflux and stirred under argon for 12 h.
After cooling to room temperature, the reaction mixture was concentrated and charged on a SiO 2 column for purification.
Compound 12: Yield = 65%; where A S denotes the absorbance due to the light scattering by finely suspended reaction byproducts, which is assumed to be constant in each data set; k 1 is the pseudo first-order rate constant.
Determination of L-tryptophan ligand number per particle. The gold core of a known concentration of cluster was decomposed using excess amount of cyanide solution. Among the resultant products only L-tryptophan shows substantial absorption at 280 nm. The L-tryptophan concentration was deduced by Beer-Lambert Law where the molar extinction coefficient of Ltryptophan was 5690 dm 3 mol -1 cm -1 at 280 nm. 3 The number of L-tryptophan ligand per nanoparticle was then determined by the ratio of L-tryptophan to cluster concentrations. For a 3 nm particle, the total number of surface ligands was estimated as 187, 4 which was used to calculate the percentage of L-tryptophan ligand per particle. 
Kinetics of in situ ligand

